Glucocorticosteroids/GC are the cornerstone of immunosuppression utilized for decades in the treatment of multiple sclerosis (MS) and MS-related optic neuritis (MS-ON). Steroids are often prescribed as either 'monotherapy' or add-on in structured 'polytherapy' regimens or concomitant with other immunosuppressants and/or immunomodulatory drugs, depending upon the disease situation. This review focuses on the pharmacologic corticosteroids, such as methylprednisolone, that are prevalently utilized in MS care. Among other aims, the treatment effects on dynamic patterns of cerebral atrophy, optic nerve inflammation and neurodegeneration are evaluated, and a risk stratification of patients with MS and MS-ON is presented. It provides details on selected case reports, as well as pivotal clinical studies and attributable significant (clinically important) outcomes. It then addresses primarily the outcomes related to demyelination or neurodegeneration, myelin repair or neuroregeneration, and the undesirable such safety issues as ataxia, avascular necrosis, infections, and cerebral atrophy. At the end, we put together a critical assessment of both explicit and implicit observations on various treatment configurations, including NOAEL (no observed adverse effect level) dosing for reasons where it is currently unclear whether or ever a safe and effective clinical dosing of steroids is established in clinical trials for MS and MS-ON, discuss impartially the current state-ofknowledge, identify scientific data gaps, and offer a fresh perspective on how to improve the benefits and minimize the risks of steroids in multiple sclerosis.
Introduction
Although there are reports that multiple sclerosis (MS) can shorten life-expectancy by up to 20 years; this cannot reliably be assessed from MS registry studies, which are subject to regional selection bias from observational studies, and patient variability which itself depends upon the quality of the treatments. Most people survive past their fifties, though some 20% accumulate severe disability at 15 years and increasing to 69% by 40 years after onset [1] . In spite of disease-modifying treatments (DMT), many develop cognitive impairments, fatigue, and debilitating neuromuscular motor [2] and vision impairments [3] and some develop fatal infections which may be the major cause-of-death [4] .
Glucocorticosteroids/GCs (also called glucocorticoids, corticosteroids or steroids) use in multiple sclerosis, their riskbenefit profiles and impact on the molecular pathogenic mechanisms and target cells, have not been previously critically reviewed. In recent decades, the first generation agents cortisone and hydrocortisone have steadily been replaced with the newer analogues such as prednisolone/P and methylprednisolone/MP, which are administered either intravenously or orally with other immune-modifying-therapies to treat MS attacks from an impartial viewpoint.
Corticosteroids (CS) are generally recognized as potent anti-inflammatory agents with acceptable AEs and manageable side-effects. Although radiological evidence indicates reduction or inhibition of white-matter lesions, it is unclear whether CS treatment alone produces this result. Of note, there is a distinct subset of patients receiving CS in whom disease activity persists or worsens. Thus, it would be important to study the efficacy of GC therapy in steroid-responsive multiple sclerosis compared to steroid-resistant multiple sclerosis. Steroidresistant MS patients were defined by the lack of improvements in neurological conditions within 30 days after high-dose methylprednisolone treatments for 2 consecutive relapses (1000 mg given intravenously for five days, presumably during each relapse).
This review compiles and summarizes datasets extracted from clinical investigations, and ex vivo laboratory studies mostly published in Medline, and addresses both strengths and weaknesses of GCs in the management of MS and associated complications. It highlights the effects of corticosteroids in MS and MS-ON and focuses on:  Evaluations of the clinical uses of corticosteroids in acute relapses, treatment effects on dynamic patterns of cerebral atrophy, optic nerve inflammation, neurodegeneration clinical outcome measures; and  Assessments of the elements of 'risk' in all its dimensions, including unintended side-effects, recent controversial reports, and unreconciled issues -to attain clues on how to mitigate risks sensibly or through implementation of sensible treatments. We surmise that multiple risk factors (infection, differential sensitivity, etc.) impact on CS therapy outcomes, whereas the entire basis of CS use in the treatment of MS attacks is the notion that MS is an autoimmune disease. Since there is ample evidence demonstrating lack of efficacy of CS, one might consider how CS may adversely undermine the beneficial role of immune mechanism(s) in neuronal repair and disease recovery. There are also the dreaded side effects associated with CS: osteonecrosis, osteoporosis and immunodeficiency. This article provides details and insight into the current state-ofknowledge, with the hope of cultivating interest in the riskbenefit profiles of glucocorticosteroids in multiple sclerosis and optic neuritis, and recommends the critical risks to be recognized, consistently identified and mitigated.
Biological Observations, Publications, and Assessments
PubMed and online databases were searched and selected evidence-based articles were evaluated on the principles of novelty, degree of scientific controversy, medical/scientific impact, and quality of the methodology were critically analyzed. Several review articles that met the criteria were also included. Some citations were excluded because of the scope and space constraints. The outcome of four active trials currently listed in http://clinicaltrials.gov to determine efficacy and safety of intravenous and oral corticosteroids in MS and one study for optic neuritis are not yet available.
Corticosteroids use in multiple sclerosis
Pharmacologic GC analogs (such as methylprednisolone/MP and prednisolone/P) are being increasingly prescribed in MS and MS-ON. Corticosteroids can suppress the inflammations through their potent anti-inflammatory effects; it is important to weigh the benefits versus adverse effects of GC therapy during a particular disease course (advanced MS, PPMS, RRMS, SPMS, and MS-ON). Does a clinically-defined symptom respond better than overall disease status?
Is there a significant correlation between corticosteroid therapy and risk of disease worsening?
The rationale for corticosteroids therapy is probably based on the clinical and drug-responsiveness status of the prior treatments, but may also be rooted in unsubstantiated evidence that corticosteroids inhibit cerebral atrophy, apart from suppression or elimination of destructive immunomodulatory proteins and autoreactive immune cells [5] , reductions of pathogenic autoantibodies [6] and neutralizing antibodies against biologic drugs [7] .
Corticosteroids can interfere with TNF-alpha activity. CS treatment has been shown to upregulate ciliary neurotrophic factor (CNTF) which in turn inhibits the pro-inflammatory and neurotoxic effects of TNFα. In addition, CS may downregulate TNF expression but this finding has not been shown consistently in all studies [8, 9] (Table 1) , perhaps due to differential GC-sensitivity in a given patient population.
Autoantibodies in MS are heterogeneous, have inconsistent activity, titers and specificities and may fluctuate in disease flare during GC treatments. Exactly which immune parameter(s) is involved in MS attacks remains elusive. Some clinically unsubstantiated evidence puts emphasis on the significance of autoantibodies. Autoantibodies in sera of MS patients (77% of progressive and 85% of relapsing-remitting) have catalytic activity against a short recombinant fragment of the myelin basic protein (peptide 81-103) [10] . Elsewhere, complementdependent demyelinating IgG activity was found in about 30% of MS, notably in two cases attributed to antibody-mediated neurotoxicity [11] .
Methylprednisolone/MP reduces levels of the poly/autoreactive antibodies in CSF [6] . High-dose methylprednisolone/MP decreases CD4+ T-cells, IgG and albumin, and increases CD8+, but only the CD4+ T-cell decline correlates apparently with early clinical benefit, and one third of the patients were non-responders [12] ( Table 2 ). The impact of autoantibodies, in particular anti-myelin antibodies as biomarkers, appears clinically irrelevant as the target autoantigens are unknown [13] .
There is revived interest in the clinical value of biologicsdrugs-induced neutralizing antibodies (NAb) which are thought to blunt efficacy [14] . Contrary to some reports [7] , others found insignificant NAb levels and lack of restoring the bioactivity of interferon beta (IFNβ) [15, 16] (Table 2) .
There is no evidence that high-dose corticosteroids suppress long-term neuronal injury and improve the disability progression after sequential relapses. Although the radiological images show considerable reductions of lesions volume during early months after GC treatment [17] , the neuronal loss continues despite treatment. Consistent with this, in a recent trial (MECOMBIN) including GC and IFNβ treatment, relapse frequencies decreased almost 60% during year-1, though this trend waned in years 2 and 3 [18] . The authors conclude: "there was 38% relative reduction in relapse rate and less T2-lesion accumulation in the methylprednisolone group compared with the placebo arm, this does not seem to reduce disability progression any more than interferon beta-1a" (Table 3) .
In MECOMBIN, the analytical choices allow neither to discriminate the responders from non-responders nor to rule out long-term SAEs, no matter how rare. In another trial (AvonexSteroids-Azathioprine/ASA), combining immunosuppressants and immunomodulatory drugs allowed the use of low doses to gain better outcomes. The results were disappointing, indicating increased brain atrophy, cortical lesions and pathophysiological markers [19] [20] [21] (Table 3) .
Corticosteroids use in optic neuritis
Several goals should guide any potential treatment of optic neuritis: 1. Accelerating visual recovery; 2. Improving long-term visual function; 3. Reducing relapse rate; 4. Reducing the risk of developing MS in the future. All of these goals must undoubtedly be balanced against the overarching issue of patient safety.
Systemic corticosteroids have been an important part of the management of ON. The urgency for establishing a rigorous treatment for ON came on the heels of a landmark study [22] in which the authors reported a significant risk of MS developing in patients who had presented initially with ON. While systemic steroids were already being used in the treatment of extraocular MS and also of ON, there was no large-scale prospective study looking at both the natural history of ON and the potential benefits of corticosteroids [23, 24] in the treatment of this condition. In 1988, the first major prospective study addressing the efficacy of systemic steroids in the treatment of ON was established. The Optic Neuritis Treatment Trial (ONTT) has become the benchmark study of ON [25] .
In the ONTT, enrollees were followed prospectively for 15 years and found to have a 50% cumulative risk of developing MS. The risk of MS increased substantially in those who presented with optic neuritis associated with lesions on baseline non-contrast MR imaging of the brain. Overall, 56% had a 10-year risk of developing MS if brain lesions were present and a 22% risk, in the absence of brain lesions.
The ONTT treatment plan was organized into three randomized arms: oral prednisone vs. IV methylprednisolone followed by oral prednisone vs. placebo for 14 days. The study showed that IV steroids accelerated visual recovery; but after a month, there was no significant difference in visual acuity, color vision or contrast sensitivity between treatment and placebo arms. Another noteworthy finding of the ONTT was that patients receiving oral prednisone had a higher rate of recurrence of the ON. Other prospective studies have confirmed that IV steroids do not produce any long-term visual benefit for patients with ON [26] [27] [28] .
The use of systemic corticosteroids in the treatment of MSrelated ON remains controversial. There is no incontrovertible evidence pointing to a clear long-term benefit both in terms of visual recovery or occurrence of MS. In a Cochrane review [29] , the authors searched all randomized trials for any form of CS used in the treatment of ON between 1950 and 2012. Based on six trials meeting their criteria for analysis, they concluded that neither oral nor IV steroids produced any benefit on visual acuity, contrast sensitivity or visual fields. In effect, they corroborated the findings of the ONTT.
In the face of substantial data arguing against the use of systemic CS, physicians continue to treat ON with CS in the US [30, 31] . When surveyed, many ophthalmologists and neurologists believe that CS enhances visual recovery. In one survey, 48.4% of ophthalmologists recommended 3 days of high-dose IV methylprednisolone. 32.9% did not recommend any treatment. Neurologists appeared to have a lower threshold to treat: 87.3% of neurologists reported that they would treat acute ON with IV methylprednisolone most of the time.
MS treatment algorithm
What are the rationales for corticosteroid therapy? What evidence-based decision points encourage MS practitioners to give GCs as a replacement or add-on to other established MS therapeutics? Does the choice for GC therapy depend upon the disease situation -or whether or not the patients respond/tolerate other medications? Can stratifying patients for individualized risks be the best predictor of the outcomes? If so, which biomarkers and clinical parameters should be utilized?
GC-induced paraclinical and clinical changes
The role of immune system in multiple sclerosis and optic neuritis is multi-faceted. One major aspect involves disruption of the blood brain barrier during MS attacks, as evidence on gadolinium (Gd)-enhanced MRI images. These images are indicative of active inflammation and often used as rationale to initiate treatments [32, 33] .
In phase II studies on relapsing-remitting MS monitored for 5 years, high-dose cyclical pulses of methylprednisolone/MP [1 g/day intravenously for 5 days with oral prednisone taper for 4 days, every 4 months for 3 years then every 6 months for 2 years (pulsed IVMP group) did not affect early events in lesion formation and in fact, resulted in significantly more T2 lesions (1779 vs. 1179, p<0.0001) in pulsed IVMP group compared to patients who received IVMP only for relapses. T1 black holes and confluency of Gd-enhancing T2 lesions changed: initially datasets showed decrease in T1 lesion volume (2.7 vs. 6.7 ml) in favor of the steroid treatment arm with no significant differences in T2 lesions [34] . Subsequent analysis partially resolved the ambiguity that fewer confluent large T2 lesions (>10mm, 165 vs. 541) were accompanied by smaller T2 lesions (<5 mm, 1082 vs. 288). Although there were no apparent differences in total lesion volumes between two treatment arms at study entry, the volumes appear increased 130% more in the pulsed IVMP group than the IVMP for relapse group at the end of study period. Furthermore, when the data for both arms are combined, an average increase of 15 ml is found in total lesion volume [35] . The increased small T2 lesions may represent expanding constellations of 'newly forming' lesions or accumulating brain atrophy. This trend may reflect treatment failure, presumably because of partly new demyelination, necrosis or axonal loss in the wake of recrudescent inflammation often attended by tissue edema. Interpretation  Optimal GR function is essential for GCs to counteract the key proinflammatory cytokines, such as TNFα. Such event to occur effectively requires active form of GC to remain stable at effect site-to offset emergence of GC resistance-without interference with myelin repair.
Annotation/Glossary:
a equivalent to physiological (0.01 to 0.1 µM) and supraphysiological or pharmacological (1 µM) dose [77] . CNTF = ciliary neurotrophic factor, a relevant protein expressed in blood leukocytes, astrocytes and myelinating Schwann cells, and is known to give trophic support to neurons; EDSS = expanded disability status scale; IV = intravenous injection; MRI = quantitative magnetic resonance imaging scans of lesions, typically before and after contrast agent (gadolinium) injections; MSSS = multiple sclerosis severity score, the evaluation takes into account EDSS and disease duration; PBMC = human peripheral blood monocytic cells; TNFα = tumor necrosis factor alpha Corticosteroids use can lead to short-term cognitive disturbances and reversible long-term memory deficits [36, 37] apparently independent of GC dose [36] . Methylprednisolone/MP impairs explicit memory which can improve in time after cessation of therapy [38] . Others note that corticosteroids slightly impair offline motor memory consolidations comparable to those seen in clinically depressed [39] .
Corticosteroid therapy can result in decreased cytokineproducing monocytic cells and NK cells and increased B cells and macrophages in peripheral blood ( Table 1 ). The post-CS effects suggest a possible stabilization of blood brain barrier [40] . Significant improvement in EDSS appeared independent of GC dose, but the changes in certain immunological parameters (e.g., mRNA expressions of IL-6 and IL-8 cytokines) depended upon the high-dose [41] .
High-powered studies are required to determine the strength-of-associations of these outcomes. Nevertheless, the consistency-of-associations point to increased risk for the patient, particularly on neurological effects of GCs in multiple sclerosis.
Benefit-to-risk ratios: GC-related AEs
Corticosteroids are shown neither to protect nor reverse pathophysiology in multiple sclerosis. Low-dose GCs are apparently immunostimulatory, rather than immunosuppressive so that, "chronic low-dose treatment with corticosteroids may contribute to irreversible loss of brain tissue in a variety of autoimmune diseases" [5] . Moreover, low-dose steroids in combination therapies fail to slow down disability progression and cortical atrophy (Table 3) . Studies on the respective disease models in rodents demonstrate that steroids treatment are lethal to axonal, ganglionic and myelinating cells, and can damage retina and visual pathway (reviewed in [42] ).
In addition, corticosteroids disrupt the hypothalamicpituitary-adrenal (HPA) axis, aggravate endogenous steroidalhormonal hyperactivity [43] and exacerbate CNS deficits and ataxia or motor coordination disorders [39] , presumably more often in GC-responsive MS than in the GC-resistant MS with aberrant/diminished GC receptor (GR). Recent investigations point out that osteonecrosis or avascular necrosis (AVN) of the femoral bone head is amongst the previously least recognized risks [44] . With a mean dose of about 6 g and a risk period of 12 months in steroid-treated patients [45] , AVN may occur in upwards of 15% of patients [46] .
Evidence-based decision points
Certain benefits can be improved or risk avoided by stratifying patients based on pharmacogenetic markers and modifying treatment configuration. Steroids use in MS under circumstances where co-morbidities such as Addison's disease [47] may result in additional complexities. In such situations that levels of circulating/endogenous GCs are suboptimal, modification of treatments may be necessary.
Efforts aimed at influencing multi-drug resistant genes with the rationale of enhancing drug efficacy is a sound approach, and is tested in a variety of disease. In MS, certain alleles of ATP-binding cassette transporters (ABC-B1/G2), although highly polymorphic and without apparent roles in disease susceptibility, are variably expressed in CNS tissue and leukocytes. GCs may be beneficial in a subset (14.8%) of patients by inhibiting the efflux of other immunosuppressants such as mitoxantrone [48] . A similar common polymorphism in the efflux transporter (ABCB1, C3435T) of P-glycoprotein increases susceptibility to GC-induced osteoporosis [49] . It may be useful then to give an optimal complementary dose, but the ABC-mediated effluxed steroids are not thoroughly investigated in MS.
Discussion
Corticosteroids are a key component in the management of immune-mediated conditions. Currently approved agents are based on the controversial assumption that MS is an autoimmune disease. Whether inflammation is the cause or the consequence of demyelination and axonal loss in MS and related exacerbations remains unanswered. To date, no known biomarker of the immune system seems essential and sufficient to initiate degeneration in MS or visual pathways in MS-ON. Alternative hypotheses on the beneficial roles of activated immune cells in MS and ON disease models in animals in relations to the impacts of steroids treatments are reviewed elsewhere [42] . Our clinical assessments are aligned with the viewpoint that transient suppression of MS relapses through steroids use may inevitably carry additional risks, such as inability to control intracerebral replication of such viruses as Epstein-Barr virus (EBV) and JC polyomavirus (JCV) [50, 51] , as well as induction of pro-apoptotic elements in oligodendrocyte progenitor cells (OPCs) hence hindering myelin repair and neurogenesis [42] .
Corticosteroids are generally recognized to increase the risks of microbial, viral and/or parasitic infections, including potential reactivation of endogenous pathogens. Activation or reactivation of infectious squealae with CNS involvements can occur as a result of treatments with immunosuppressants or steroids. Serological findings implicate that persons exposed to EBV are at an increased risk of developing MS [52] . It is unclear whether the observed cortical layer infection with EBV-suspected in the pathogenesis of meningial inflammation and gray matter lesions in progressive MS [53] reflect a GC-related reactivation and/or an ensuing viral infection that began prior to MS attack. A careful interpretation of the infections in MS is prudent when immunosuppressants are involved. Most adverse effects are presumably subtle and fall into NOAELs, though most patients ultimately cannot tolerate side-effects and require modification of the treatment plan. In any case, an assessment of infections with CNS involvements before and after corticosteroids use would be useful in diagnosis, treatment and management of the disease progression in multiple sclerosis [54] . A summation of some of the above concerns with potential clinical relevance is illustrated in Figure 1 towards a risk stratification and mitigation strategy in multiples sclerosis.
Recent insights into the pathogenesis of MS reveal that the subcortical deep gray matter atrophy is common [19, 55, 56] and that "neurodegeneration in MS occurs on an inflammatory background" [57] . Patients apparently initially benefit from a burst of intensive therapy with various immunosuppressive drugs but immunosuppressants eventually fail to control the disease, the neuronal loss continuing despite these treatments.
In a long-term follow-up of a pivotal trial of IFNβ, the authors assert that "excessive mortality in the placebo was largely from MS-related causes, especially, MS-related pulmonary infections" [4] . The authors conclusion might be misconstrued that an overactive autoimmunity in treatment-naive MS can lead to fatal respiratory infections, and vice versa, the immune stimulation with viral infections cause the MS attacks. Whether there are definite relations between the infections and confounding effects of IFNβ, or lack thereof in the treatment arm [58] and use of immunosuppressants such as corticosteroids and mitoxantrone, were unaddressed. MS patients may be at increased risk for infections because of immunosuppressants.
An independent set of risk factors are often linked to a variety of others such as drug dosage, frequency and extent of treatment, and manufacturing issues. In addition, a high risk of bias may be intrinsic to some industry supported studies. Excepting steroids (prednisone, prednisolone), fingolimod and the new orals such as dimethyl fumarate and teriflunomide [59] [60] [61] , all currently approved DMT are injectables. Injectable corticosteroids may pose additional perils related to manufacturing and/or administration of the drug. Such complications could include emboli and neurologic complications by injecting particulate steroids that have a tendency to form aggregates [62] .
Another promising option instead of corticosteroids use is injectable peptides (ACTH gel), which is thought to exert immunomodulatory effects by stimulating the production of endogenous corticosteroids through steroidogenesis, as a means to curb the relapses [63] . The rationale of this approach relies on the deregulated immune response and inflammation as a basis of the pathophysiology of MS [63] [64] [65] . However, a treatment option that falls back on a continuous stimulation and release of endogenous corticosteroids might arguably bring out the worst pharmacodynamic characteristics, such as proapoptotic effects on OPCs, rather than only neuroprotective activities [42] . Furthermore, elevated levels of steroids can adversely affect myelin repair: the inhibition of immune cells in the CNS may hinder clearance of the cellular debris from injurious neurons in multiple sclerosis [42] .
Scientific data gaps
Corticosteroids differentially affect oligodendrocytes and neurons in both GC-resistant and GC-responsive MS [42] . Several active trials are evaluating efficacy and safety of steroids in MS and optic neuritis, while others shifting to radical approaches to determine for instance efficacy of stem-cell transplants in MS. Most studies focus on ex-vivo expanded autologous hematopoietic stem cells after intensive immunosuppressive therapy [66, 67] . Earlier trials set a precedence to utilize GCs in combination with oncologic drugs in myelosuppressive pre-conditioning or total body irradiation in myeloablative conditioning [68] . Corticosteroids in combination with potent immunosuppressants might inevitably skew the benefit-risk ratio of the stem cell therapy. The totality of evidence in such uses of CS implores a more careful consideration of their use.
Recent pivotal trials on GC treatment intervals with other DMTs have corroborated previous studies, but also indicate that a transient reversal of the lesion volume shift to excessive small lesions, cerebral atrophy, and ultimately disappointing outcomes (Table 3 ). It is difficult to understand why high-dose oral GC would give a better clinical outcome than intravenous GCs. Other studies conducted on small populations are inconclusive.
Difficult challenges are associated with misdiagnosis of the GC-induced perturbations in peri/extralesional tissues. Smaller size veins surrounded by inflammatory cells are newly diagnosed pathological features in MS [69] . It is tempting to hypothesize that corticosteroids can induce atrophy/necrosis in neuro-vasculature structures in a manner consistent with their well known antiangiogenic properties [70] . This might shrink the microvessels, cut off blood/nutrients supply, increase venous insufficiency, interfere with brain-wide pathway for fluid exchange, and impede waste clearance of myelin debris. GCs might then progressively accumulate new small lesionssustain or enlarge the lesion volume in a U-shape curve manner and deteriorate MS attacks in time. These concerns might be solvent by loosening the outcome measures, such as using non-conventional MRI scans [69, 71] and tightening the analytical choices for effect estimates based on predetermined efficacy criteria. Our assessment insufficiently addresses issues pertaining to GC-mediated infections and/or reactivation of endogenous viruses and their impact on MS pathology.
One treatment algorithm recommends bolus methylprednisolone/MP injections indiscriminately for a variety of demyelinating diseases, namely fulminant MS cases, including a spectrum of diseases [(such as acute disseminated encephalomyelitis (ADEM), variants of acute hemorrhagic leukoencephalitis (AHLE or Hurst disease), as well as severe relapses of MS and other variants (tumefactive, Marburg variants, Balo concentric sclerosis, myelinoclastic diffuse sclerosis), and neuromyelitis optica (NMO)-spectrum disorders)], even though certain clinical presentations may deteriorate in spite of such treatments [72] . Other studies indicate that high-dose steroids may worsen the brain atrophy in clinically-definite MS [73] and MS-ON [74] , and as described in detail in this article. While the steroids-suppressed immune cells may lose their beneficial roles in the clearance of myelin and other cellular debris in the injury pathways and hence inhibit remyelination and neurogenesis [42] , do steroids exert harmful effects only on certain CNS cell types? 
Perspective
Conventional first-and second-line DMT-including certain broad-spectrum chemotherapies (such as azathioprine, cyclophosphamide, mitoxantrone) and recombinant biologics can compromise the immune system. Although most treatments typically commence with IFNβ [61] , the immune system often develops resistance to it and other biologics. Ultimately the effectiveness of such drugs wears off and results in a reduced patient compliance. The drawbacks of approved biologics, in addition to suboptimal effectiveness, involve other difficult challenges. Implementation of diagnostics to detect, decipher and counteract autoantibodies and neutralizing antibodies against biologics are thought to improve efficacies. This burden of preconceived notions on neuroprotective and antioxidant effects GCs probably affects the perceptions of the most in MS community to continue (and potentially escalate) the use of GCs-without weighing in the consequences. This trend appears active partly to complement efficacy of the DMT and largely globally for the clinicoeconomics reasons.
The absolute-/relative-risk reduction or management for the GCs use in multiple sclerosis is currently unreconciled. Additional use of GCs as auxiliary medications to enhance the effectiveness of the biologics in MS are also questionable. Novel alternative approaches to potentially overcome or reverse the insensitivity to GCs are interesting ideas and should be further researched. In the interim, rigorous guidelines are needed for the justifications of corticosteroids use in clinical practice. These can be practical steps forward to modify treatments, minimize risks, and improve benefits of therapeutics in multiple sclerosis. These assessments have also implications for other neurological disease that corticosteroids are universality utilized.
Conclusion
The preponderance of evidence suggests that there are causal relationships between corticosteroids therapy and irreversible AEs such as avascular necrosis and neurodegeneration. Corticosteroids appear overutilized, largely off-label, in multiple sclerosis, based on their commonly known anti-inflammatory effects despite marginal benefits. Individuals at low risk categories may still benefit from short pulse treatments should the rationales are traced to evidence based pharmacogenetics or personalized treatment. Prospective studies are needed to sufficiently address whether individuals with low-relapse-rates and high GC responsiveness are less vulnerable to detrimental effects of GCs than those with malignant MS or GC resistant or special populations with overleaping neurological and/or autoimmune disease, and vice-versa. The positive predictive value of surrogate biomarkers or such as MRI activities such as cortical thinning, neuronal atrophy and perilesional veins atrophy, rather than just appraisals of new and enlarged T2 lesions, need to be addressed at the individual patient Interpretation  These outcomes reject predetermined criteria for efficacy that GCs with other immunosuppressants and/or immunomodulatory agents improve pathophysiology in multiple sclerosis. APIR = attributable percentage improvement rate (at ≤0.05 level), the numbers of patients free from the clinical disease activity, accumulation of disability and related outcome measures; Aza = Azathioprine; MSIS = multiple sclerosis impairment scale; None = denotes that the test drug is inefficacious based on inferences from the clinical end-point; PL= Placebo; RDBPC = randomized double blind placebo controlled level, in relation to the use of corticosteroids-as these agents are more conveniently administered, especially among economically disadvantaged regions, than costly DMTs. There is insufficient evidence for justification of corticosteroids use in multiple sclerosis.
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